to 40 keV for ions), the statistically determined peak plasma pressures vary with distance similarly to previously determined lobe magnetic pressures (i.e., in a time-averaged sense, pressure balance normal to the magnetotail magnetic equator in the midnight meridian is maintained between lobe magnetic and plasma sheet plasma pressures). Additional plasma pressure data obtained in the inner magnetosphere (2.5 < L < 7) by the Explorer 45, ATS 5, and AMPTE CCE spacecraft supplement the ISEE 2 data. Estimates of plasma pressures in the "transition" region (7-12 RE), where the magnetic field topology changes rapidly from a dipolaf to a tail-like configuration, are compared with the observed pressure profries. The quiet time "transition" region pressure estimates, obtained previously from inversions of empirical magnetic field models, bridge observations both interior to and exterior to the "transition" region in a reasonable manner. Quiet time observations and estimates are combined to provide profiles of the equatorial plasma pressure along the midnight meridian between 2.5 and 35 R E.
INTRODUCTION
In the quiet magnetosphere, the electromagnetic forces acting on the plasma contained within the magnetic field are expected to be in near equilibrium with gradients of the plasma pressure. Thus, the configuration of the equilibrium magnetosphere is determined by the magnetic field of the Earth, the solar wind external to the cavity and by the plasma trapped within the cavity which is an internal current source. Several global magnetospheric magnetic field models have been developed to describe the magnetic fields and current systems within the magnetospheric cavity. The best semi-empirical models, based upon a vast data base of magneper, we use ISEE 2 data to establish radial profiles of averaged plasma pressures as a function of magnetic activity in the nearmidnight magnetotail. By supplementing the ISEE 2 results with previously published results we obtain pressure profiles for radial distances fxom 2.5 Rig to 35 Rig. Determination of the average plasma properties may contribute to the eventual synthesis of field and plasma data into a comprehensive empirical description of the magnetosphere.
OBSERVATIONS
tometer measurements gathered over the last two decades, provide 2.1. ISEE 2 Fast Plasma Experiment quantitative descriptions valid over large portions of the system. Data from the ISEE 2 fast plasma experiment (FPE) were ariaBecause the electrical current is proportional to the curl of the mag-lyzed to determine the average distribution of plasma pressures in netic field, the models also implicitly contain information on the the magnetotail. The ISEE 2 FPE was made up of three 90 ø spherelectromagnetic forces. Therefore ff magnetohyclrodynamic mo-ical section electrostatic analyzers. Two "back-to-back" detectors mentum balance is assumed, magnetic field models can be used to sampled the full two-dimensional (2D) velocity distribution of both infer the distributions of plasma consistent with the field configu-ions and electrons during each spacecraft spin period (about 3 s).
ration [Walker and Southwood, 1982; Spence et al., 1987] . The third FPE detector measured the full three dimensional (3D) Modeling techniques have not been applied extensively to plas-distribution over a somewhat longer period (eight spin periods). ma pressure measurements principally because the data have not Because no ion mass discrimination was available, the ion distribeen sufficiently comprehensive. Some studies have character-butions were analyzed assuming that all the ions were protons. The ized the plasma pressure in limited energy ranges and/or spatial FPE system was operated in one of two energy modes: MS/M or regions, but models require more complete data sets. In this pa-SW/MS. The former mode was designed for measuring the magne- an elliptical orbit with an apogee of nearly 23 R E . Slow orbital precession allowed for investigations of the magnetosphere at all local times. For the present study, we are interested in periods when the ISEE 2 spacecraft was near the midnight meridian (as defined by IYGsMI < 4 RE). The near-midnight meridian tail traversals occurred roughly from mid-March through early May at the beginning of the ISEE mission. Unfortunately, the FPE on ISEE 2 failed in April 1980. All relevant data from the three intervals with spacecraft apogee in the magnetotail are included in our study (1978, 1979, and 1980) . The goal of this study is to combine all the near-tail FPE plasma pressure data to determine how the average pressure varies with distance down the magnetotail. Plasma pressures are derived from the second velocity moment of the distribution function. Details of the method may be found in Paschmann et al. [1978] . An example of the 2D moments derived from data acquired in the near-midnight magnetotail on April 12, 1978, is shown in Figure  1 . Solid (dotted) curves are, from top to bottom, the ion (electron) number density, 2D temperature, flow speed, flow azimuth, and pressure. The ion pressure (bottom panel) rises between 0800 UT and 1600 UT as the ISEE 2 spacecraft moves earthward through the near-earth magnetotail plasma sheet. The time-series of data from a single inbound pass shows nonmonotonic variations of the measured pressure. For instance, a temporary decrease in pressure is observed near 1000 UT. At this time, the motion of the plasma trons. Observations show that ions are isotropic [see Stiles et al., 1978] justifying the use of the pressure calculated from 2D ion distributions, which are routinely determined by the FPE investigators.
The high temporal resolution afforded by the FPE is unnecessary for determining the large-scale average plasma sheet pressures. Consequently, we used one minute averages of the 2D ion pressures and of the GSM location of the spacecraft. In addition, data were tagged with the planetary geomagnetic index, for the 3-hour interval within which measurements were taken; data were then sorted according to Kp. We assumed that pressure variations over a limited spatial range in YGSM were small and projected all observations with -4 < YGSM < 4 into the midnight meridian plane. From the averaged data, we removed all measurements obviously taken in the tail lobes (observations characterized by significantly diminished plasma pressure and number density). Our criteria for unambiguous lobe identification were number densities less than 0.05 cm -3 and/or pressures less than 10 -11 dynes/cm 2. Rather than select less stringent criteria for lobe identification (e.g., number densities less than 0.1 cm -3 as in the study of Lennartsson and Shelley [1986] ), we decided to account for any unremoved lobe entries statistically. As a result, we probably retain all measurements made in the plasma sheet proper; on the other hand, we undoubtedly include some observations actually taken in the lobe that do not satisfy our identification sheet relative to the spacecraft left ISEE 2 temporarily in the tail criteria. This distribution is typical. At or near 23 R E, the X 0 bins usually contain several hundred data points, while at both smaller and larger X0 the number drops to on the order of 60 averaged observations. It should be noted that the number of independent measurements within an X 0 bin is somewhat lower than the number of cases plotted in Figure 5 . For measurements to be temporally independent within any particular bin, the bin size (0.5 RE) should be of the same order as the scale length defined by the product of the duration of the observation (60 s) and the velocity along X 0. For the measurements to be spafially independent within a bin, the averaging bin size should be greater than or equal to the observation scale length. Therefore to assure both temporal and spatial independence within a bin, the bin size should be nearly were assumed. Over the 4-2 R E range in Z, X0 varied typically by <5 R E . Variations were largest for the more active models.
gradients are larger in the data for more active periods. Between the outer boundary of the analysis and 10 R E, the plasma pressure rises by an order of magnitude for both activity levels with the bulk of the increase occurring inside of about 20 R E. The actual rise in pressure is undoubtedly even greater than shown because the fraction of the energy density contributed by particles whose energy falls above the FPE range increases with decreasing distance. Thus the plotted pressure approximates the actual plasma pressure only in regions where the bulk of the energy density is measured by the FPE detector. We have examined representative FPE ion dynamic differential energy spectra and find that for X 0 near 15 R E, ions with energies between a few and ~20 keV provide the bulk of the energy density. As the spacecraft moves earthward, the peak of the energy density shifts to higher energies as would occur for adiabatic convection. Eventually, the peak of the energy density approaches the uppermost energy channel of the FPE and a substantial fraction of the distribution goes undetected. Figure 6 are lower limits, and inward gradients are much steeper. Beyond about 25 RE, the two distributions are approximately the same in magnitude and appear to be fairly constant with distance. This similarity must be taken with some skepticism because of problems with the model field beyond 25 R E (discussed earlier)
Thus inside of ~12 R E, the pressures in
as well as because of the scarcity of data at these distances. In addition, data presented by Baumjohann et al. [1988] suggest that the characteristic plasma energy at a given X 0 increases during Fortunately, the effect of mapping errors near apogee are not great active times (see also Lennartsson 
Explorer 45 (S 3A) Plasma Experiment
The activity. In each radial bin of Table 1 , the pressure increases by about a factor of 2 between the quietest and the most active period. Table 1 confirms 
AMPTE CCE Plasma Experiments
In recent years, great progress has been made in determining both the energy distribution and composition of particles in the inner magnetosphere with measurements from particle detectors Table 1 , column 5) may be compared with pressures obtained'from on the charge composition explorer (CCE) of the active magnetothe FPE (70 eV to 40 keV). During moderate activity at 5 R E, the spheric particle tracer explorers (AMPTE) mission. CCE's apogee is 8.8 R E and therefore provides data in the regions surrounding FPE yielded pressures of -.,8 x 10 -9 dynes/cm 2 whereas the lowest energy Explorer 45 partial pressures were 6 x 10 -9 dynes/cm2; the difference can be attributed to the FPEs slightly broader energy coverage. The Smith and Hoffman data show that at ,,,5 R E the fraction of the pressure carded by the 1 to 24 keV ions is relatively small (<10% to -.,30% of the total). Therefore while the FPE pressures are probably quite reasonable beyond about 12 R E, they are too low by ,,,70% to >90% in the inner regions (,,,5 RE).
The data require that very steep pressure gradients must exist in the "transition" zone linking the relatively low pressure region beyond 12 R E with the high pressure region at distances less than ,,05 R E .
ATS 5 UCSD Plasma Experiment
Further insight into the near-tail pressure gradient can be gained using plasma data obtained from geostationary spacecraft. The average plasma pressure at ,,,6.6 R E was characterized by DeForest geostationary orbit where systematic studies have been wanting. Unfortunately, there have been no published results of pressures near midnight. However, with appropriate assumptions and some measure of caution, observations at other local times can be used to infer plasma pressures near midnight. Below, we summarize the available observations away from midnight and then describe how they were mapped to the midnight meridian.
Studies of the evolution of the ring current plasma during the September 4-7, 1984, magnetic storms have used the medium energy particle analyzer ( The effect is to shift near-apogee (8.5 RE) AMPTE CCE measurements at ~1600 LT, to ~7 R E on the midnight meridian.
The tabulated pressures derived from Explorer 45 (in Table 1 ) and ATS 5 (in Table 2 
DISCUSSION AND SUMMARY
The profile of particle pressure along the midnight meridian at quiet and disturbed times has been obtained by using measurements from many spacecraft. The pressure changes are relatively gentle except in a region between 5 and 12 R E where data coverage is incomplete. We refer to this region as the "transition" region.
Previous discussion of the distribution of currents and plasma in the transition region should be noted. Spence et al. [1987] inferred the distribution of plasma in the near-magnetotail by assuming magnetohydrostatic equilibrium within the TU magnetospheric magnetic field models. The region in which the model field was applicable was nearly coincident with the "transition" region (6.5 < oe < 12). In 45 measurements for both quiet and disturbed conditions. As the data in Table 1 , the ATS 5 data in Table 2, order to be consistent with both Explorer 45 at 5.5 .R E and ISEE 2 observations at 12 R E . Within the transition region, the magnetic field also undergoes striking changes, having a relatively dipolar slxucture at the inner edge and a distended tail-like structure at the outer edge. As well, throughout the transition region earthward convecting plasma is diverted in the azimuthal direction. Injection fronts and other important signatures of substorm-associated processes are observed in this zone. The transition region appears to be worthy of more thorough investigation than it has had to this time.
